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THE TIFT.GENCE OF 717 JET OF A PROTULSION UNIT
ON NEAXBY WIwus™
By H. Falk

ABSTRACT: The present investlsatlion was Intendsd to
ascertaln how far & tall-unlt is subject to
disturbences by the Jet of a propulsion unit,
The parcmeters wapen which thls disturbing
InfTluence depyends, and thz wv&lues 1t reeches,
had to te determined.

OUTIL.IVE : I. Statemont of the oroblen
IT. Test procedure
IIT. Results of =mernsurgmert
IV. Apnrox:nete reprssentation of the results
V. Suwmery

VI. Blologrdanhy
I. STATLEMENT OF -1 PROBLEHM

Additioral forces are nrobably exerted upon a-
supporting wing, for instance a tall unit, if it 1s
locatuvd behind a propulslion unlt wvith an emltted jet.
These forces rmst be traced back to the presence of the
Jet. Tligure 1 ropvesents schematic&lly such an arrange-
ment. Forces of this kind muay dlsturd the stabllity of
flight. A vasic test will help us to ascertain the
Influentlal parameters and ito determine the msgnitude cof
the forces.

N U pop Binfluss slnes Yrlebworistrakles auf einen in
Nahe befindlichsn Fligel," Deutsche Luftfahrtforschung,
Ttersuchungnund Mlttellungen Ir. 3200,
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Essentlally, there are two offects of declalve
Importance. The first effect 1s bassd on potential
theory and was alre&dy treated by P. Ruden (1) for the
cage of a plane wling in the proxlmity of a plane jet
(or of & reglon with slow flow), The pressure distri-
bution on the wing 1s dlsturbed by the urevon dlstribution
of the total pressure; additional forces result., Therec-
fore, the thickness cf the wing will bas cf foremost
impcrtance in this effect. (Other guaatities of irfluence
will be discussed leter.) An inTirltely thin wing at
zero an;*le of attuclk will not expirisnce any forces.

The secord «ffect is founded on the intermlxing of
the Jjet with the swurrounding ilow nct »&ced on potentlal
theory. The turbulent sprecading ceuses the appedrence
of' & valoclty compronsnt dirvcted toward the jet 1n certein
regions., These conditlons were dlscussed In numerous
reports siance Ww. Tollmien (2); rucently they were also
treated num3srlicelly for the core oi the rotatfonaily
symnetrical jet by 0. Pcbst (3) and H. Szablevski (i).

The followlng para:weters sre »robahly the most
Influontiel ones: the propuaisioa jet, which for thils
Investigation 1s assumed to be unheetsd, wlll be chtrac-
terized by its veloclty vy 1In the exlt of the pro-
puleion uwnit. v, diffcrs from tle undisturbcd oncoming

flow v,. Apart from the ratio vA/vo of tlhe two
velocities the dlflferance Vp = Vg wlll also play an

impertant part. (Compsre (5).)

The posltion of the wing 1n relaslon to tho let will
be most 1mrortant for the lnterferenczs effect upon the
wing; therefore, in our case of the rotationelly symmetrical
jet the coordinates x and 2z of for insthuce the
loeding edze 1In tho coordinate system cheracterized in
ficure 1 will be of maln lmnortance. The wing span and
the coordinate of ths wing 1n the dlrectlon of the span
are not comaldered 1n owr laveatigation slince we assamo
the s»an in beth direcclons to be large compured with the
Jot dlameter. On ths wineg 1lsclf its thlckness 4 and
its chord 1 wiil be of igfluencc, the ratio 4/i
no lessa than the ratio 4/da (thilcuuszs of the wing-
Jet diametor). The protflls form, which will also be of
Influsnce, was chénged but slightly la our experiments
8ince exlsting wings &re to be used for the measurements;
we limited ourselves to symmetrical profilos. Both the
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propulsion unlt and the wing mey be 1lncllined toward. the
directlon of the oncoming flow and so form an angle wlth
respect’ to ‘sach other also. Investigations were made
only for conditlons of symmotry so as to hold cdown the
extent of the meas'wrements; moreover, the wling was &always
adjusted in the direction of the undisturbed oncoming
flow so that wilthout interference effect the 1lift was
zero., In most of the experlaents the Jet luft the pro-
pulsion unit in the directlon of tho oncoming flow. Only
in a few casscs the axls of the propulsion unit was
inclined &t an engle a toward tho oncomlng flow,

IT. TaST PRCOCLDURE

Pigure 2 glves & schewmatic ropresentation of the
exnerimental &arrangement. 4 model rronulsion unit with
a bullt-in blower vwbich had been uced bYoefore vy
B, Basucrle (6) wus suspcndsad in the open jet of
wind tunnel ITT (1.0 x 1.52). A ving was supported in
the customéry ménner hy the thres-comipenent balance behind
the propulsion uait 1n the conter of the jet; however,
only the 1ift was nmecsured. The reclative posltion of
piropulaion unit and wiwg was chwn jed by fixing the wing
and shifting ths prepulsion unlt upward and in the directlon
of the openilig of the nozzle., All distancss were mcasured
in units of 4 (dA diwreter of the eklt openlns: of the
propulsion uni% = "70ma). In the xz-dlrection the
distances x/d, =1, 2, lj, 5, & and in z-dlrecction the
region 0% z/d,< li were measured. Ssven different
ratios vy/v,, namely vg/vy = 0.77, 1.85, 2.05, 2.5, 3,0,
and. 4,0 are apportionsd to each point behind the pro-
pulsion unlt., Thoe first value corresponds to the modsel
prorulsion unit at rest. Additlonal measurements were

tal:on Lor statle cordiltlons. The mcasurement doos notb
exfctly conform to the value v,/v, = o since the whole

wind-tunnel jJet had been put into & slight motilon.
Generally, the Jet velocity v, was kept constant &t
90 m/s; v, was chenged accordingly.

Three dlfferent wings with syrmstrilcel profliles and
the following characteristics were &t owr dlsposal for
measuremont s
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1 (xm) | A |41 |a/dy (1/d,

Wing I -| 300 2.0 |0.1610.69 | L.3
EE}Q§_EE__ 175 3. |o.10]0.25 | 2.5
!w}ng TIT | 125 .0 |0.0910.16 ! 1.5 |

Wing I hed a wmedlified Joukowskl profile wlth Increcsed
angle of the treillng edpye wud streiznt sidus; wlrgs IT
and III had the custcwul'y HACAL drop shure,

The sngles of tttmek of the- miopulsicn unit a = 3°
and a = €9 on wing II wers msesurcd in the seme
arvongosment. Sinco 2t @ = 0 the flow is no longur
gyrmetrical te thoe oxls of the provulsion unit, negative
z-va&luds ¢lsn had vo bo mezsrecd sisultancously. In
order to kcen cubt of the discurbuance range or thu susponslon
of the pronuision unlt tle lattcr as tllted In oppesito
dircctiorn at the sere angle ol ettick; thera2fore, the aing
alvieys remalas 1a the regloa urndornocath the srepuislon unit.

ITT., RESTLTS N "EASTRLYNTS

The results are rooréescenled zrepanicelly in the fornm
of a 1ift coufficlent cg™ In doncndsney on z/d, for
various x/3, &nd v,/v, in flaarcs 3, L,and 5. 9he
11ft 13 rceferred to tho stazmation rresswre of the froe

strcam pv°2/2 and to the arse d, x 1, The jet
diumetsr d, rether than tie span wus inscried as the

longth in order to kean the resull irdenuendznt cf the span.,
Fljurd 3 includes all the valuwes for tho winzg I sith an
an;le of &ttuek a = 09, Tae ccurse of the curve snowa

a distinet mtsilrun tind sorszjuently an dasymdSotlce fullilng
off toywd zmero with lnoreaslng z-voluss., The risu fron
z2ro tovird the miuddnum velues 1s atee) compured wiih the
decliline. Th> curves for negutivz v.luvs ¢re Lo be '
Invorted vith resnaect to ths zZoro pointy thls process

also inverts the aign.
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The extreme value of cg* 1les for all x-values
near the Jjet boundary; wilth increasing X 1t moves
slichtly "outwards: 'With- va/vs- diminishing the maximum
value cp*¥* also decreases. The lateral force which 1s
directed toward the jet for va/v,> 1’ should have the
opposite direction for vp/vy < 1, This circumstance is

not always brought out clearly by the measurement, due
probebly to inaccuracles in mosasurilng.

Generally speaking, the same condltions prevall for
wings IT and IIT as for wing I @s shown in flgures
and 5. The course of the curve retains the same form;
nor does the locsl nosition of tha maximum change. The
maxima for the three wings differ in size only.

Figwe 6 shcws the results of measurements for
static conditlons. Fere the lift coeffilcients cg*¥

are referred to va2/2. “he graphs show tlie course for
varlous x-values.

The me&asurements for the wing with the propulslion
unlt at an inclination are cowpiled in figures 7, 8,
end 9. The curves are not symmetrical wilth regard to
the zero noint. A renge of direct inflfluence must be
distinguished frcm & recion of interference. If the jJet
1s polnted at the wing there results 1n our arrungement
8 negative 11ft of the wing. In the maln, the same ccurse
appeurs for the positive cg*® wvelues as indicaled for

a = 0° The negative cg® values atteéin weximum values
which differ consliderably from the positive ones. The
slope toward zero 1ls much greater for the negatlve values
than 1t was in the positive ssction. With incrsasing x

the polnt of transltion through the zero line approaches
highor z-values.

A nmumber of corrections had to be introduced in
evaluating the results of measurcment; these correctlons
shall be treated subsequently. Each wing showed a small
11ft even without propulsion jot; this 1lift 1s caused
by the ons-sided suspcnsion of the propulslion unlt.
Another cffect of disturbance 1s to be traced back to the
position of the propulsion unit with respect to the
opening of the nozzle. A normal formation of the open-
Jet 1s Ilncreasingly lmpeded the more the propulsion unit
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1s shifted from the center of ths Jet toward the
boundary. The groatest disturbancc 1s to be expected
for the velues x/dy = 8 and relatively high values

of z/d; bscause in thic case the propulsion unit is
suspended quite near the ovoning of the nozzle and
ceuszs the marlmum ceflectlon of the jet. Waturally,
the defnrmeticn of ths Jet alsc depeads unon the rorce
of the nropulsion jet and the Inclination of the pro-
pulsion unit.

The sh,leat method to vwlinlintto the disturbances
Indicated above 1s to extend the measurerent to z/dp

velues of such ma-nltvde as to guarantus the nonappear-
ance of the described :ffeet. Yimes onc determlnes ths
asyrototes which c¢6n then b. used as zore line, Thils
mode of rroscecurs vorked rellably In vrery cuass,

The mebthod wes rencirad wore difficult by measuring
the nogetlve 2z vulues (&8 irdizated atovs) in a way
differeit from the cae uesvd 1n miacvring the rositive
valves; 1t waes a'med at redaring tho disturbarce caus.d
by the suspenslon cof the propulslon unit. It may be the
caze ti:at the curves dn not joln vt z = 0. A moan
value was ued 1In She evaludabion,

IV, APPRNALTATE HEPAESTRTATTIGY 0™ THZ RESULTS

So far thc resuvlts were dissussed A3 they wore
obtalned for the apuclal arrangzo.ents. o7 we shall try
to fiand relations whiech w11l rake 1t pousible to druw
conclusicns &3 to any arrangément. To thila ¢nd the
specliflc conditlons have to be sllminated from the results
of the experiments.

The dofirnltion of the ca* velue glven above contains
alrcady csrtain gsreralizetlons, First of all the dlameter
of the let d; was Introdac.d as & rufersnce quantity;
hereby the sian of the winrg wks c¢liminatcd. Ths cpsn wus
for sdelh caso tacitly &ssumed to b so lergn &s to com-
pletely covor thy rezlon of inturfurinece., .45 & sccond
step the wing chord 1 wes ruvmovid by stlecting dp x 3
ay rcefurence arca, Tho thickness ¢t the wing 4 and
and the ratio vA/%o und dif'f2rence v, - v,, respectively,

were rocognized as the most lmportant recmalnlng parametors.
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oa* was assumed to be proportional to Vp = Vo OF
vA/bo - 1l s this proportion is physlcally plausible for

the mixing effect only, not for the potentlial flow. The
remaining quantlty

1%

Ca - A
vp ~ 2 . (VA )
'_‘-r;-l EvodAxluv—o--l

will be & function of the thickness of the wing d4d and
first of all, based on consideratlicns of potentlal theory,
a function of the ratio d/i. Here also we assumed a
linesr dopendency. Furthermore the ratlo of d/d,

(thicknens of the wing/dlemester of the jet) also will
anpears for 1t 1s caslly concelvable that a thin Jet willl
have loess 1lnfluence than a jJjet of greoat cxtent as compared
to the thickneas of the wing, We determined the iind of
thls deperdency empiricalily, uslng the maximum valuecs

Cam*s It bscomes obviois that d/d; &also will appesr

In linenr dependency, and that the maxima 1ln all measure-
ments can be reproduced wreazligly well by the relatlon

Com® = 1.1 (2 --%) %(%- 1)

as shown 1n figure 10, Therafore, the value of cam*

Increases with v,/v, increcscs with d/1 and decreases
wlth d/aﬁ. Wle now tried to reopresent the whole course
of curves over z/d, also by approximate curves, and, to

this end, divided the measured c,* values by c . *.
Flgure 10 shows that here also it is possible to draw

a uniform curve through all the expurimental points. The
dlsperslon 1s, in the main, unsysteuatic and the points
wlth the largest dispersion on the average may be
attributed to the two small values vA/ﬁo = 2,05 and

v,/v, = 1.85; there the inaccuracies of measurement in
this graph are, quite naturally, most noticeable. (These
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values are given with crossed out slgns.) In this way we
obtain the approximate curvea represented graphlcally 1in
figure 11.

These cmrves, together wilth the forumla for c&m*

m&y be used As & good approxlmition In the general case.
The region of velidity wlll bo gilveun by tbout

X/dA S_ 6

O
1< ;;'ﬁ '+

afd, < 1

however, the limlts of the reogion wers net yot aczurately
dafined. In limiting the rozion o x/'dA i1t must be

pointed out thut the aproxlmztion wes set up mainly for
the cease whsro the »etenilal ccre ia not yet completely
reduced so that st1ll the full azount (v, - v,) eppears
as veloclty difference., For greater clarity the swyreading
of the Jet 1s reprosentnd graphically in tlgure 1.2,

Ths measuremwsntse for satatic condltiors have to be
troated speclally becauss of vy = 0o In this case we

divided the mlasurcd ca* values by the expreoscion

I'_ d.\, a
f(d,dfulv) = 1.18(.'_ - a-::’) -_’-’. :

1t became obvicurs that the measurements on the threo wings
approxzlmately colnclde again., 1he resultlng approximate
curves &re indlcatod in fligurc 11. Devlations from the
cowgs of the curve arp:ar at x/1, = 8 whero the

potential core hes wlready beun reduced to zero (compare B) )

Tnils evalnatlion do3s nobt irclude the cese of yawed
flow slince ths relaticns ther: fre not yet sufficlently
clarified because ol the wiknown course of tha jJet. Further
Investigations in thls reapect wre Intended.
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V. SUMMARY

-

The mutual influence of a Jet produced by & pro-
pulsion unit and & nsarby wing was investigated. The
tests concerned mainly three different wings. These
wings were suspended in such & manner that they had
practlcelly no 1ift wlthout the 1nfluence of the jet;
the interference 1lift was measured. The most important
qualtities of influence cen be determlined from the
results, - They are, apart from the geometrlcal position
of the wing toward the Jet, the veloclty ratlo v,/v,

the chord T of the wing and the thickness of the
wing d; for d both the ratios 4/1 and d/d,

(relation to the diameter of the jet) sre o6f importance.
Approximete formulas for the 1lft to bs expected were
given., A few short tests treat the case of & propulsion
unit in yawed flow. According to the results it 1is
possible to 11lx, for instance, the posltlion of a tail
unit in such & way that the influence in the case of
stralsht flow 1s only very slight. I1lotliceable and
unwelcome effects are to be expscted only when the Jot

1s »ointed directly at the wing or 1s tangent to 1t.
Therefore, for & project, knowledre of the course of *the
Jet under as many different fli~ht conditions as possible
should be euphasized. These quastions are also especially
imrortant with respcct to the sroblem treated hereo,
because the spreading of the jJjet depends conslderebly
upon the form of the flllet for the lnstallation and upon
the possibility of a sufflclent ventllation from all
sldes., Thils denendency 1s especilally obvlious where the
propulslon unit has bheen lnstalled on the outslde.

Translated by Mary L. Mahler
National Advisory Committee for Aoronautics



10

l.Pp.

5. De
6. H.

NACA TM No. 110l
VI. BIBLIOGRAFHY

Ruden: Theorile des Tré&gflugelprofiles in der
Nackbarschaft sprunghafter Gesamtdruckandsrungen
(Strahl- und ¥indschattcn mit Rechteckprofil).
Jehrbuch der deutschen Lvftfahrtforschung

1929, S.I, 98 frf.

Windkanalmessungen uber den Windschatteneinfluss

auf Rechteclktragflugel mit symmetrischem Profll.,
Jehrbuch der deutschen Luftfahrtforschung
1940, s.T 10l ff.

Tollmlen: Berechnung turbulenter Ausbreltungs-
vorgange. ZAMM Bd. 6, (1926) S.L68-,78.

Pabst: Dle Aushreltung helsser Gesstrahlen in
bewegter Iuft. UM 8003 (19Mi).

Szablewskl: zur Theorle der hsusbreltung einvs aus
einer DTuese uaustretenden frelen Strehles. I, Tell:
o 8003,

Xuchemanns: Strahlausbreltung in Wandnghe. UM 3057,

Bauerle: Untersuchunrsen an dem Kodell elnes
Strehltrlioowerkes lm windkanel. I. Tellborilcht:
B-Pbmgonentenmessungen én elner Strahlgondel,

UM 30489.



L +X
ﬂ :

‘ Reference point

Figure 1.

‘ON WL VDVN

Y011

‘314




t_...__ WING I

NOZZLE
.Omx!1.50m

X Q=3oo|'

TEST ARRANGEMENT

|
\ EXIT CONE 1.75m &

Figure 2.

2 *314

*ON WL VOVN

VOTIT



Q8 2
o7 - Wing T
T e | L
1 / 2! ggo'ls; d—-=o 69; ?- 43
Y 7 "'V\ i@.J L A A
o t A Ny = a0
’ /'\\ A + " oon —
S\\\' ® " on = 2.5
o1 Y A . A uy 2,0
RN N = 2.0
o "o = 1,85
ol 8 \x/d Q. " on = 0,77
—- A
i I |1
as | as
X/a:6
07_ l,.\\ 07
< ‘q’%“:r_;—r“ e
af.: / \l‘ B J'ézi ot
., | .
0% | Y \ 0y
NIV o
02 ‘A\ §+.\\ o
N
ol \";SN\\ ]
—— N 0
3
-0 hat izﬁ‘ | o
Figure 3

*ON WL VOVN

VOTT

¢ ‘314




Wing TT
d R S
l.o.lo; W 0.%, T’ 205
L dy A
s Vu/Vo = 4,0
+ n n = 3,0
® n n = 2.5
A n n = 2,05
x " " - 1.80
O nw v mom
er

! | LI P

AN \
oaz )
o1 ! \ \
TN
7 —] ——-bﬂdq'
-0} | I

‘314

*ON WL VOVN

¥Oo11



VOTT °*ON WL VOVN

0-7 1 l 07 l T '
2 dea-r— ________ s N2 Wing TIT.
' dy i D—FEp—-— T
¢ N\ i 1 el AN _zf', g,o.og;,g__= 0. 163 -‘(%- =1.8
f /I \‘ JIE:—— * \‘\ Je,— R A A
04 \ - a4
A\ TAm A VT = 40
03 ., + | 03 / p \ tnon 230
M1/2N AN SR
’ 5 il AN QA 1 w2005 -
ol /\\\\ al *"\\3 X n n =1.g§
'\\\:\\‘EE i ~N— © v n =mp oy
—’z,dA _*z/dA
o7 T a7 a7
I 1 U daz8
P x{dA'G ................
| T 7 A I PO e %’L————? _
cdl A\ N P cl M smmeemeeees '-" cd '
_ ; i r \ g-, ~ f— n .
03 +\L n Z 3\ 1 /
\ a3—a Y \\ 03 -
] + A\.\ / e
62 N\AN 2N \\\\\\. ozl _‘x\\\ AY
0:1 Ay z \::‘ ‘A\ oJ \ A Y :Al ‘\\ 0.’ C%‘\;
\\521 :::: 0™ \\t‘\ ;:.“: b Por” \\t:
0 %ﬁg'% Y. \i- SN ESRAGST 0 =~ '
’ —Z 1 .
o Z[dp z}d, Z)d,
Figure 5.

S °*314



Fig. 6

NACA TM No. 1104
003

e
* ........ - Measurements for
'E: """" _ static conditions

002
o X/4, =1
® =4
A =6
0.0] + =8

.
=
o p—7 ~ %
203 o093
Wing IT

4.0.10:% ;0.25;

L3 a,

I, S

002 4{EEB§?§EE§}}-— 002

T \{\\ i ‘f"
S i\\\'\ .
NN
N \§




Wing IT  d.0.70; & _o.25; .05 £ -3° 03 T T [ ;
X da dp __xdp8
R S

0 - L
| J
. [\} ¥ =r —
¥ldpe2 Ca® ¢ 1' o T

1 {os Lr szl c‘.o:c | "r'\ 5 .
'ae YA\ —{'G>—: t / Le.—

VYOTT °*ON WI VOVN

NIANY

NI/AXAN

“Ya N g —=2/dp

7
'('
.‘.
8

i
» é :
B
e
(7

¢

_—

/7
&P
|
4G

\_/
) 0!
YR
Qs -Qs
0. -0.6

Figure 7.

L *BTy



A | T A

Figure 8.

*ON WL VOVN

Vo1t



NACA TM No. 1104 : _ : Fig. 9

-1

Ned
\
\

\

Wing 1T
\‘\
W/
/|

AR
b\

{
]
1]
Y]
\/

4=
L
xX=
¥[dp=8
\\\\L\

Figure 9.

L

[

Qa8 ]
rl& b
LY,
\
\
T
\
1o

L §
3(5
0]
)
09

0

/%6l _o




L
lo
09 A%
+0
08 ,él//ﬂ
3 b
n Approximate curve ‘a‘m l/ /,-IO%
1182 ’ /,’
f Xjdp=2 BES &
0§ 2 v, ¥
0’{ Approx. formula
03 <ir |l camrisrdars )
2l ~~ | p Za“—1Region of valtdity
o- ' - Y X"ASG
) - Ze -G s
0, t 4 Afdas t
o [ o |1
1 Z[dp 20 25 1 2 3 v, 4
o i ——
o Vo
c‘t
c“- & ’,’ !\ \L Aﬁproxi-ate curve
i *B¢5 . .
t— ,2{, \ \\\\ L/‘A=3l Comparison of the approximate curwes
. /5 AR B WY with test values
ool \&
../ 3 N Wj:ng d/ dA d/2
o3 I o I 0. 69 0.16
. 4 N\ & IT 0. 25 0. 10
]| eI 0+ 16 0. 09
0 T .
0 1.5 1.0 1.5 —e= z/dA 2.5
Figure 10.

‘314

*ON WL VOVN 0T

Vo1t



NACA TM No. 1104

lo
¢ »
*
c
L * \
Approximate curves ____ |
08 — — o '
cr m1.18(2-2) £ —
07 = / N\\ am T; [
D6 \
0.5
04
0 b
d‘ \\\;
’; T
o 05 lo 15 20 —™2/7p 25
olo
c .
a
£ ( d.d“Q ) Approximate curves

0.08

for statt
<ILII

¢ conditions

207

006

LTY

e
,/f;;;///
//’

yd

NN

\\\ f(d,a,,R) =1.18
(Do ) e
L\ . X

d d

Ob-'l /

% = I'L \
: wBB ‘\j:::\<::\
ay 0 0.5 2.0— Z/da2S

Figure 11.

Fig.

11




‘814

f—  Spreading of the jet

(4

8 \\\\ 'nx/d4|=2
N\

P, -P v

to ]
! 2 For static
2 Va \A conditions

=

-1.4 -1.2 ~1.0 -0.8 -0.6 =-0.4 -=0.2 0o - 0.2 0.4 0.6 0.8 —--z/'dA
/% 8 IE‘\ &
v e
| \ VA/Vo=21
l,t.ot.qpo
. -—5 2
2 VA
-1.4 -1.2 =-1.0 -0.8 ~0.6 =0.4 -0.2 0 0.2 0.4 0.6 0.8 -t z/dA

Figure 1Z2.

*oN WL VOVN

VOT1



i



